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Abstract7HFKQRORJLFDO LQQRYDWLRQ DQG WKH LQIRUPDWLRQ DJH
KDYH LQFUHDVHG SDWURQV¶ H[SHFWDWLRQV RI WKH VHUYLFHV DQG




OLEUDULHV DUH VWULYLQJ WR HIILFLHQWO\ PDQDJH WKHLU KXPDQ
PDWHULDOVDQGILVFDOUHVRXUFHV
/LEUDULHV KDYH WUDGLWLRQDOO\ PHDVXUHG HIILFLHQF\ E\
GHYHORSLQJ VLQJOH IDFWRU SURGXFWLYLW\ LQGH[HV  +RZHYHU WKHVH
TXDOLWDWLYH PHWKRGV GR QRW DGHTXDWHO\ DGGUHVV WKH HIILFLHQF\
DVSHFWZKLFKPHDVXUHVWKHWUDQVIRUPDWLRQRIUHVRXUFHVLQSXWV
LQWR VHUYLFHV RXWSXWV  'DWD HQYHORSPHQW DQDO\VLV '($
PHDVXUHVWKHUHODWLYHHIILFLHQFLHVRIDGHFLVLRQPDNLQJXQLWZLWK
PXOWLSOH LQSXWV DQG RXWSXWV  7KH '($ PHWKRGRORJ\ KDV EHHQ
DSSOLHGWROLEUDULHVRYHUWKHSDVWWZHQW\\HDUV
7KLVSDSHUSURSRVHVD'($HYDOXDWLRQPRGHOWKDWIDFXOW\LQ
WKHLU DGYLVRU\ DQG DGYRFDF\ VKDUHG JRYHUQDQFH UROHV FDQ
HPSOR\WRVWUHQJWKHQWKHLUOLEUDULHV7KHPRGHOLVGHPRQVWUDWHG







OLEUDULHV UROHV LQ KLJKHU HGXFDWLRQ  3DWURQV¶ GLYHUVH QHHGV
UHTXLUHWKDWDFDGHPLFOLEUDULHVSURYLGHG\QDPLFVHUYLFHVDQG
UHVRXUFHV :LWKLQEXGJHWFRQVWUDLQWVDFDGHPLF OLEUDULHVDUH
H[SORULQJ WKH DSSURSULDWH PL[ RI KXPDQ UHVRXUFHV DQG
PDWHULDOFROOHFWLRQVQHHGHGWRHIIHFWLYHO\DQGHIILFLHQWO\PHHW
SDWURQV¶FRPSOH[QHHGV
+LVWRULFDOO\ PDQ\ OLEUDULDQV KDYH PHDVXUHG OLEUDU\
HIILFLHQF\ WKURXJK TXDOLWDWLYH SDWURQ VXUYH\V DQG VLQJOH
IDFWRU SURGXFWLYLW\ LQGH[HV  'HVSLWH WKH DSSOLFDWLRQ RI GDWD
HQYHORSPHQW PHWKRGV WR OLEUDULHV E\ HFRQRPLVWV DQG
RSHUDWLRQV UHVHDUFKHUV WKHUH KDV QRW EHHQ ZLGHVSUHDG
DGRSWLRQ E\ OLEUDULDQV GXH WR WKH FRPSOH[LW\   7KH JRDO RI
WKLV VWXG\ LV WR SUHVHQW D GDWD HQYHORSPHQW DQDO\VLV '($





2YHU WKH SDVW WZR GHFDGHV SDWURQV¶ QHHGV KDYH VKLIWHG
DFDGHPLFOLEUDULHV¶SULRULWLHVIURPFDSLWDOLQWHQVLYHWRKXPDQ
UHVRXUFHV DQG LQIRUPDWLRQLQWHQVLYH >@  /LEUDU\ VSDFH LV
WUDQVLWLRQLQJ IURP ERRN DQG VHULDO VWDFNV WR FROODERUDWLYH
VSDFHV IRU ZRUNLQJ DFFHVVLQJ LQIRUPDWLRQ DQG
FRPPXQLFDWLQJZLWKFROOHDJXHV>@$GYDQFHVLQWHFKQRORJ\
KDYH LQWURGXFHG DQ DUUD\ RI YLUWXDO VHUYLFHV DQG GLJLWDO
UHVRXUFHV >@  3DWURQV H[SHFW WKDW OLEUDU\ VWDII ZLOO EH
DYDLODEOH  DQG VNLOOHG LQ QDYLJDWLQJ DQG PDQDJLQJ
FRPSOH[ LQIRUPDWLRQ  /LEUDULHV DUH H[SHFWHG WR HIILFLHQWO\
FRQWDLQ FRVWV DQG WR HIIHFWLYHO\ PD[LPL]H WKH HGXFDWLRQDO
LPSDFWIRUVWXGHQWV>@
7KH OLEUDU\ OLWHUDWXUH KDV SULPDULO\ IRFXVHG RQ WKH




GR QRW DGHTXDWHO\ DGGUHVV WKH HIILFLHQF\ DVSHFW ZKLFK
PHDVXUHV WKH WUDQVIRUPDWLRQ RI UHVRXUFHV LQSXWV LQWR
VHUYLFHVRXWSXWV>@
/LEUDULDQV KDYH WUDGLWLRQDOO\ PHDVXUHG HIILFLHQF\ E\
GHYHORSLQJ VLQJOH IDFWRU SURGXFWLYLW\ LQGH[HV >@  )RU
H[DPSOH DSHUXQLW FLUFXODWLRQ WUDQVDFWLRQFRVW LV FDOFXODWHG
E\ VHYHUDO OLEUDULHV  7KH OLEUDU\ ZLWK WKH ORZHVW SHU XQLW
FLUFXODWLRQ WUDQVDFWLRQ FRVW EHFRPHV WKH HIILFLHQW VWDQGDUG




RI UHVRXUFHV LQ SURFHVVLQJ LQWHUOLEUDU\ ORDQ WUDQVDFWLRQV DQG
OHVVRQSXUFKDVLQJQHZPDWHULDOVIRUWKHFROOHFWLRQ$QRWKHU
LVVXHLVWKDWDVLQJOHIDFWRUSURGXFWLYLW\LQGH[RQO\PHDVXUHV
RQH DUHD RI D OLEUDU\¶V SHUIRUPDQFH  ,W LV FKDOOHQJLQJ WR
FRPELQH VHYHUDO VLQJOH IDFWRUV WR PHDVXUH WRWDO OLEUDU\
HIILFLHQF\EHFDXVHHDFKOLEUDU\ZRXOGQHHGWRDVVLJQUHODWLYH
ZHLJKWVWKDWUHIOHFWWKHOHYHORIVHUYLFHWKH\SURYLGH>@7KH
GDWD HQYHORSPHQW DQDO\VLV PRGHO '($ DGGUHVVHV PDQ\ RI
WKHOLPLWDWLRQVRIVLQJOHIDFWRUSURGXFWLYLW\LQGH[HV
'($ PHDVXUHV WKH UHODWLYH HIILFLHQFLHV RI D GHFLVLRQ
PDNLQJ XQLW '08 ZLWK PXOWLSOH LQSXWV DQG RXWSXWV >@
(DFK OLEUDU\ EHLQJ FRPSDUHG LV D VLQJOH '08  $OO '08V
DUHFRPSDUHGWRHDFKRWKHUWRLGHQWLI\DQHIILFLHQF\IURQWLHU
'08V RQ WKH HIILFLHQF\ IURQWLHU DUH RSHUDWLQJ DW IXOO
HIILFLHQF\  $OO '08V UHFHLYH DQ HIILFLHQF\ VFRUH IRU
FRPSDULVRQSXUSRVHV'($DOORZVWKHZHLJKWVRIHDFKLQSXW
DQGRXWSXWWRYDU\XQWLODQLGHDOFRPELQDWLRQLVLGHQWLILHGWKDW
ZLOO PD[LPL]H HDFK '08¶V HIILFLHQF\ VFRUH  6HW ZHLJKW
UHVWULFWLRQV FDQ EH DGGHG WR LQSXWV DQG RXWSXWV EXW DUH QRW
UHTXLUHG
6LQFH LW¶V LQFHSWLRQ LQ  E\ &KDUQHV &RRSHU DQG
5KRGHV'($KDVEHHQXVHGLQRYHUVWXGLHVWRFRPSDUH
EDQNV VFKRROV KRVSLWDOV OLEUDULHV DQG RWKHU LQVWLWXWLRQV
>@>@  7KH PHWKRGRORJ\ DQG DSSOLFDWLRQ LV ZHOO
HVWDEOLVKHGLQWKHDUHDVRIRSHUDWLRQVUHVHDUFKDQGHFRQRPLFV
>@>@>@>@  :LWKLQ WKH ILHOG RI HFRQRPLFV '($ KDV
EHHQ DSSOLHG WR SULPDULO\ SXEOLF OLEUDULHV LQ WKH 8QLWHG
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.LQJGRP $XVWUDOLD DQG WKH 8QLWHG 6WDWHV VLQFH WKH HDUO\
¶V >@>@>@>@  &KHQ¶V '($ PRGHO IURP DQ
HFRQRPLFVSHUVSHFWLYHH[DPLQHGWKHHIILFLHQF\RIDFDGHPLF
OLEUDULHV LQ 7DLZDQ >@  (DVXQ¶V &DOLIRUQLD SXEOLF VFKRRO
OLEUDULHV '($ PRGHO LV WKH ILUVW SXEOLVKHG VWXG\ RI '($
ZLWKLQ WKH ILHOG RI OLEUDU\ DQG LQIRUPDWLRQ VFLHQFH >@
6KLP¶V 86 $5/ $VVRFLDWLRQ RI 5HVHDUFK /LEUDULHV
PHPEHUV '($ PRGHO LV WKH RQO\ DFDGHPLF OLEUDULHV '($
VWXG\ SXEOLVKHG ZLWKLQ WKH ILHOG RI OLEUDU\ DQG LQIRUPDWLRQ
VFLHQFH>@'HVSLWHWKHVHVWXGLHV'($KDVQRWEHHQZLGHO\
DGRSWHG ZLWKLQ WKH ILHOG RI OLEUDU\ DQG LQIRUPDWLRQ VFLHQFH
6KLP VXJJHVWV WKDW WKLV LV GXH WR WKH PDMRULW\ RI '($
UHVHDUFK DERXW OLEUDULHV EHLQJ SXEOLVKHG E\ QRQOLEUDULDQV
RXWVLGHWKHOLEUDU\DQGLQIRUPDWLRQVFLHQFHOLWHUDWXUH>@
'($ LV DQ DSSURSULDWH PHWKRGRORJ\ IRU OLEUDU\
EHQFKPDUNLQJ IRU WKH IROORZLQJ UHDVRQV  ,W DVVHVVHV
HIILFLHQF\ EDVHG RQ PXOWLSOH LQSXWV DQG RXWSXWV ZLWKRXW
UHTXLULQJ RXWSXW SULFH RU SURILW GDWD  ,W TXDQWLILHV
LQHIILFLHQFLHVDQGVKRZVDWDUJHWWRUHDFKIXOOHIILFLHQF\DQG





7KLV VWXG\ DQDO\]HV WKH HIILFLHQF\ RI WKH 368 /LEUDU\
FRPSDUHG WR LWV SHHU LQVWLWXWLRQ OLEUDULHV IRU WKH DFDGHPLF
\HDU   'DWD LV IURP WKH 86 'HSDUWPHQW RI
(GXFDWLRQ¶V 1DWLRQDO &HQWHU IRU (GXFDWLRQ 6WDWLVWLFV
$FDGHPLF /LEUDULHV 6XUYH\ >@  7KH SHHU OLEUDULHV DUH
GHWHUPLQHG E\ 368¶V 2IILFH RI ,QVWLWXWLRQDO 5HVHDUFK DQG
3ODQQLQJ 2,53 DQG E\ WKH &DUQHJLH &ODVVLILFDWLRQ RI
,QVWLWXWLRQV RI +LJKHU (GXFDWLRQ  &RPSDUDEOH XQLYHUVLWLHV
ZHUH LGHQWLILHG E\ WKH IROORZLQJ &DUQHJLH FODVVLILFDWLRQ
FULWHULD3XEOLFFRQWUROGRFWRUDOJUDGXDWHSURJUDPVKLJKWR
YHU\ KLJK UHVHDUFK DFWLYLW\ KDYLQJ VLPLODU PLVVLRQ
VWDWHPHQWVDQGEHLQJORFDWHGLQWKHZHVWHUQ8QLWHG6WDWHV
368 2,53 LGHQWLILHG  FRPSHWLQJ OLEUDULHV IURP SXEOLF
XUEDQ UHVHDUFK XQLYHUVLWLHV LQ WKH 8QLWHG 6WDWHV  *HRUJH
0DVRQ 8QLYHUVLW\ *08 ,QGLDQD 8QLYHUVLW\3XUGXH
8QLYHUVLW\ DW ,QGLDQDSROLV ,838, 6DQ 'LHJR 6WDWH
8QLYHUVLW\ 6'68 7KH 8QLYHUVLW\ RI 7H[DV DW $UOLQJWRQ
87$8QLYHUVLW\RI,OOLQRLVDW&KLFDJR8,&8QLYHUVLW\RI
0HPSKLV 80 8QLYHUVLW\ RI 7ROHGR 87 8QLYHUVLW\ RI
:LVFRQVLQ DW 0LOZDXNHH 8:0 DQG :HVWHUQ 0LFKLJDQ
8QLYHUVLW\:08>@
7KH &DUQHJLH &ODVVLILFDWLRQ RI ,QVWLWXWLRQV RI +LJKHU
(GXFDWLRQ LGHQWLILHG  FRPSHWLQJ OLEUDULHV IURP SXEOLF
UHVHDUFK XQLYHUVLWLHV ZLWK GRFWRUDO SURJUDPV LQ WKH ZHVWHUQ
8QLWHG 6WDWHV  8QLYHUVLW\ RI $ODVND)DLUEDQNV 8$)
$UL]RQD6WDWH8QLYHUVLW\$688QLYHUVLW\RI$UL]RQD8$
1RUWKHUQ $UL]RQD 8QLYHUVLW\ 1$8 &DOLIRUQLD 6WDWH
8QLYHUVLW\6DFUDPHQWR &686 6DQ )UDQFLVFR 6WDWH
8QLYHUVLW\6)68,GDKR6WDWH8QLYHUVLW\,688QLYHUVLW\
RI ,GDKR 8,7KH8QLYHUVLW\RI0RQWDQD 7800RQWDQD
6WDWH 8QLYHUVLW\ 068 8QLYHUVLW\ RI 1HYDGD/DV 9HJDV
81/98QLYHUVLW\RI1HYDGD5HQR8152UHJRQ6WDWH
8QLYHUVLW\ 268 8QLYHUVLW\ RI 2UHJRQ 82 8WDK 6WDWH
8QLYHUVLW\ 868 8QLYHUVLW\ RI 8WDK 88 8QLYHUVLW\ RI
:DVKLQJWRQ6HDWWOH 8:6 :DVKLQJWRQ 6WDWH 8QLYHUVLW\
:68 8QLYHUVLW\ RI &DOLIRUQLD%HUNHOH\ 8&%
8QLYHUVLW\ RI &DOLIRUQLD'DYLV 8&' 8QLYHUVLW\ RI
&DOLIRUQLD,UYLQH 8&, 8QLYHUVLW\ RI &DOLIRUQLD/RV
$QJHOHV 8&/$ 8QLYHUVLW\ RI &DOLIRUQLD5LYHUVLGH 8&
58QLYHUVLW\RI&DOLIRUQLD6DQ'LHJR8&6'8QLYHUVLW\
RI &DOLIRUQLD6DQWD %DUEDUD 8&6% DQG 8QLYHUVLW\ RI
&DOLIRUQLD6DQWD &UX] 8&6& >@  'XH WR LQFRPSOHWH
UHSRUWHG GDWD 8QLYHUVLW\ RI &DOLIRUQLD%HUNHOH\ ZDV
H[FOXGHGIURPDQDO\VLV
'DWD (QYHORSPHQW $QDO\VLV '($ ZDV VHOHFWHG DV WKH
DSSURSULDWH UHVHDUFK PHWKRGRORJ\ WR EHQFKPDUN WKH 368
/LEUDU\  $V SUHYLRXVO\ PHQWLRQHG '($ KDV EHHQ XVHG LQ
VHYHUDO SXEOLVKHG EHQFKPDUNLQJ VWXGLHV RI OLEUDULHV
>@>@>@>@>@>@>@  7KHVH VWXGLHV DQG GLVFXVVLRQV
ZLWKIHOORZOLEUDULDQVSURYLGHGLQVLJKWVLQWRWKHGHYHORSPHQW
RI WKH WKUHHPRGHOVDQG WKHDSSURSULDWHVHOHFWLRQRIVSHFLILF
LQSXWVDQGRXWSXWV$QLQSXWRULHQWDWLRQZDVVHOHFWHGGXHWR
WKHSUHVVXUHRQOLEUDULHVWRUHGXFHWKHUHVRXUFHVLQSXWVWKH\
XVH WR SURYLGH TXDOLW\ VHUYLFHV DQG UHVRXUFHV RXWSXWV WR
WKHLUSDWURQV6XSHUHIILFLHQF\ZLWKFRQVWDQWUHWXUQVWRVFDOH
ZDVDGGHGWRWKHPRGHOVWRSURYLGHDQHIILFLHQF\UDQNLQJIRU
DOO OLEUDULHV '08V  6XSHUHIILFLHQF\ LV D WLHEUHDNLQJ
SURFHVV IRU UDQNLQJ HIILFLHQW OLEUDULHV '08V E\ H[FOXGLQJ
WKH OLEUDU\ '08EHLQJ HYDOXDWHG IURP LW¶V SHHUV >@>@
7KHPRGHOVZHUH UXQ WKURXJK WKH%HQFKPDUNLQJSDFNDJH LQ
WKHVWDWLVWLFDOVRIWZDUHSURJUDP56WXGLR>@

A. Human Resources Model 
7KH KXPDQ UHVRXUFHV PRGHO FRPSDUHV KRZ HIILFLHQWO\
OLEUDULHVXWLOL]HWKHLUVWDIILQSURYLGLQJVHUYLFHVDQGUHVRXUFHV
)LJ   7KH LQSXWV LQFOXGH :HLJKWHG WRWDO SURIHVVLRQDO
OLEUDULDQDQGVWDII)7(ZHLJKWHGWRWDOVXSSRUWVWDII)7(DQG
WRWDO VWXGHQW VWDII )7(  3URIHVVLRQDO VWDII JHQHUDOO\ KDYH
PRUH VHUYLFH FDSDELOLW\ WKDQ VXSSRUW VWDII DQG VWXGHQW VWDII
$ ZHLJKW UHVWULFWLRQ ZDV DSSOLHG LQ WKH PRGHO ZKHUH
ZHLJKWHG WRWDO SURIHVVLRQDO OLEUDULDQ DQG VWDII )7( HTXDOHG
WKHVXPRIWRWDOSURIHVVLRQDOOLEUDULDQDQGVWDII)7(SOXVWRWDO
VXSSRUWVWDII)7(SOXVWRWDOVWXGHQWVWDII)7(6XSSRUWVWDII




7KH RXWSXWV LQFOXGH 7RWDO LQWHUOLEUDU\ ORDQV ,//
WUDQVDFWLRQV SURYLGHG WRWDO ,// WUDQVDFWLRQV UHFHLYHG WRWDO
FLUFXODWLRQ WUDQVDFWLRQV WRWDO ZRUNVKRS DWWHQGDQFH WRWDO
ZHHNO\ VHUYLFH KRXUV WRWDO ZHHNO\ JDWH FRXQW DQG WRWDO
ERRNV DQG VHULDOV SXUFKDVHG  6XSSRUW DQG VWXGHQW VWDII
JHQHUDOO\SURFHVV ,// WUDQVDFWLRQV FLUFXODWLRQV WUDQVDFWLRQV
DVVLVWZLWKDGGLQJQHZERRNDQGVHULDOVWRWKHFROOHFWLRQDQG
VWDII VHUYLFH GHVNV  3URIHVVLRQDO OLEUDULDQ DQG RWKHU VWDII









B. Materials Model 
7KH PDWHULDOV PRGHO FRPSDUHV KRZ HIILFLHQWO\ OLEUDULHV
FRQYHUW WKHLU KROGLQJV LQWR XVH E\ SDWURQV )LJ   7KH
LQSXWV LQFOXGH7RWDOERRNVDQGVHULDOVKHOGDQGWRWDOERRNV
DQGVHULDOVSXUFKDVHG7KHRXWSXWVLQFOXGH7RWDOLQWHUOLEUDU\
ORDQV ,// WUDQVDFWLRQV SURYLGHG WRWDO ,// WUDQVDFWLRQV
UHFHLYHG DQG WRWDO FLUFXODWLRQ WUDQVDFWLRQV  (IILFLHQW
FROOHFWLRQ GHYHORSPHQW SUDFWLFHV HQVXUH EHWWHU DFFHVV DQG
LQFUHDVHGFLUFXODWLRQRIVFKRODUO\UHVRXUFHV

C. Budget Model 
7KH EXGJHW PRGHO FRPSDUHV KRZ HIILFLHQWO\ OLEUDULHV
DOORFDWHWKHLUEXGJHWEHWZHHQVWDIIPDWHULDODFTXLVLWLRQVDQG
VHUYLFHKRXUV)LJ7KHLQSXWLVWRWDOOLEUDU\H[SHQGLWXUHV
7KH RXWSXWV LQFOXGH :HLJKWHG WRWDO SURIHVVLRQDO OLEUDULDQ
DQGVWDII)7(ZHLJKWHGWRWDOVXSSRUWVWDII)7(WRWDOVWXGHQW
VWDII)7(ERRNVDQGVHULDOVSXUFKDVHG WRWDOZHHNO\VHUYLFH
KRXUV DQG WRWDO ZHHNO\ JDWH FRXQW  7KH VDPH ZHLJKW
UHVWULFWLRQV DV LQ WKH KXPDQ UHVRXUFH PRGHO DUH DSSOLHG WR
VWDIILQWKLVPRGHO3HUVRQQHODQGPDWHULDOVDFTXLVLWLRQFRVWV
DUH WKH SULPDU\ H[SHQGLWXUH GULYHUV LQ OLEUDU\ EXGJHWV
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
A. Human Resources Model 
7KH KXPDQ UHVRXUFHV PRGHO FRPSDUHV KRZ HIILFLHQWO\
OLEUDULHVXWLOL]HWKHLUVWDIILQSURYLGLQJVHUYLFHVDQGUHVRXUFHV
)LJ   7KH368 /LEUDU\ KDG WKHKLJKHVW VXSHUHIILFLHQF\
VFRUH  LQ WKH KXPDQ UHVRXUFHV PRGHO  $ UHYLHZ RI
WKHGDWDLQGLFDWHVWKDWWKH368/LEUDU\XVHGDUHODWLYHO\VPDOO
QXPEHU RI VXSSRUW VWDII DQG VWXGHQW )7( DQG KDG KLJK
FROOHFWLRQ XVDJH DV UHIOHFWHG E\ ,// DQG FLUFXODWLRQ
WUDQVDFWLRQV7KH8&6%/LEUDU\KDGWKHQH[WKLJKHVWVXSHU
HIILFLHQF\ VFRUH   :LWK WZLFH DV PDQ\ VWDII DV WKH
368 /LEUDU\ WKH 8&6% /LEUDU\¶V SK\VLFDO VSDFH DQG
SURJUDPPLQJ DFWLYLWLHV HQFRXUDJH DSSUR[LPDWHO\ IRXU WLPHV
DV PDQ\ SDWURQV WR YLVLW WKH OLEUDU\  +RZHYHU 8&6%
SDWURQV DUH XVLQJ WKH FROOHFWLRQ OHVV WKDQ 368 /LEUDU\
SDWURQVDFFRUGLQJWRWRWDO,//DQGFLUFXODWLRQWUDQVDFWLRQV
7KH 368 /LEUDU\ LV LGHQWLILHG DV WKH SULPDU\ SHHU IRU
HLJKW OLEUDULHV 7DEOH   7KHVH OLEUDULHV FRXOG SRWHQWLDOO\




ORFDO FROOHFWLRQ E\ KLULQJ DGGLWLRQDO OLEUDULDQV IRU
FROOHFWLRQ GHYHORSPHQW DQG VKLIWLQJ DSSURSULDWH WDVNV
IURP WKH OLEUDULDQV WR VXSSRUW DQG VWXGHQW VWDII &RQVXOW




ZLWK WKH 6)68 /LEUDU\ DQG 8:6 /LEUDU\ IRU EHVW
SUDFWLFHVx ,QFUHDVH ZRUNVKRS DWWHQGDQFH E\ KLULQJ DGGLWLRQDO
OLEUDULDQV WR GHYHORS DQG SURYLGH LQIRUPDWLRQ OLWHUDF\
WUDLQLQJDQGVKLIWLQJDSSURSULDWHWDVNVIURPWKHOLEUDULDQV
WR VXSSRUW DQG VWXGHQW VWDII  &RQVXOW ZLWK WKH :68
/LEUDU\ 6)68 /LEUDU\ DQG 068 /LEUDU\ IRU EHVW
SUDFWLFHVx ,QFUHDVHSDWURQV¶YLVLWVE\UHGHVLJQLQJWKHSK\VLFDOVSDFH
DQG LQWURGXFLQJ QHZ SURJUDPPLQJ  &RQVXOW ZLWK WKH
068/LEUDU\IRUEHVWSUDFWLFHV

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B. Materials Model 




/LEUDU\ KDV WKH ILIWK ODUJHVW FROOHFWLRQ VL]H DQG WKH WKLUG
KLJKHVWYROXPHRIFLUFXODWLRQWUDQVDFWLRQV7KH368/LEUDU\
KDG WKH ILIWK KLJKHVW VXSHUHIILFLHQF\ VFRUH   :LWK
DSSUR[LPDWHO\ RQH WKLUG WKH VL]H RI WKH $68 /LEUDU\¶V
FROOHFWLRQWKH368/LEUDU\SURFHVVHVDKLJKHUYROXPHRI,//
WUDQVDFWLRQV WR PHHW SDWURQV¶ QHHGV  7KH *08 /LEUDU\
UHFHLYHGD VXSHUHIILFLHQF\VFRUHEHFDXVH LWGLGQRW UHSRUW
DQ\ RXWSXWV ,// DQG FLUFXODWLRQ WUDQVDFWLRQV  7KH 8,&




OLEUDULHV 7DEOH   7KHVH OLEUDULHV FRXOG SRWHQWLDOO\ OHDUQ
PDWHULDOV EHVW SUDFWLFHV IURP WKH 368 /LEUDU\  7KH 368
/LEUDU\KDVDKLJKHUVXSHUHIILFLHQF\VFRUHWKDQWZRRILWVWRS
WKUHH SHHUV  +RZHYHU WKH 368 /LEUDU\ FRXOG SRWHQWLDOO\
EHQHILWIURPEHVWSUDFWLFHVZLWKWKHIROORZLQJVWUDWHJLHVx ,QFUHDVH FLUFXODWLRQ WUDQVDFWLRQV E\ XSGDWLQJ FROOHFWLRQ
GHYHORSPHQW SURFHVVHV WR HQVXUH WKDW UHOHYDQW PDWHULDOV
DUH DFTXLUHG DQG PDLQWDLQHG  &RQVXOW ZLWK WKH 6)68
/LEUDU\DQG1$8/LEUDU\IRUEHVWSUDFWLFHVx ,QFUHDVH WKH ORFDO FROOHFWLRQ VL]H WR PHHW JURZLQJ
LQVWLWXWLRQDO QHHGV DQG WR UHGXFH WKH UHOLDQFH RQ ,//
WUDQVDFWLRQV$EXGJHWDU\LQYHVWPHQWZLOOEHUHTXLUHGIRU
QHZ PDWHULDOV DQG DGGLWLRQDO OLEUDULDQV HQJDJHG LQ
FROOHFWLRQ GHYHORSPHQW  &RQVXOW ZLWK WKH 1$8 /LEUDU\
IRUEHVWSUDFWLFHV
1419
2015 Proceedings of PICMET '15: Management of the Technology Age
*08 ,838, 368 6'68 87$ 8,& 80 87 8:0 :08
         
$68 &686 ,68 068 1$8 268 6)68 780 8$) 8$
         
8&' 8&, 8&/$ 8&5 8&6' 8&6% 8&6& 8, 81/9 815
         
82 88 8:6 868 :68     




 3HHU 3HHU 3HHU 3HHU
*08    
,838, 368 6)68  
368 1$8 6)68 ,838, 
6'68 1$8 6)68 $68 
87$ 1$8 6)68 368 
8,& 068   
80 1$8 368  
87 1$8 8:6 6)68 
8:0 1$8 6)68 8:6 
:08 1$8 6)68 8:6 
$68 068 1$8  
&686 1$8 6)68 8:6 
,68 1$8 6)68 368 
068 8,& $68  
1$8 268 8,& $68 
268 1$8 8:6 6)68 
6)68 368 $68 8:6 
780 1$8 6)68 368 
8$) 1$8 368 8,& 
8$ 1$8 6)68 8:6 
8&' 1$8 6)68 8:6 
8&, 1$8 6)68 8:6 
8&/$ 6)68 8:6  
8&5 1$8 6)68 8:6 
8&6' 1$8 6)68 8:6 
8&6% 1$8   
8&6& 1$8 6)68 8:6 
8, 1$8 6)68 8,& $68
81/9 1$8 6)68 8:6 
815 1$8 6)68 8:6 
82 1$8 368  
88 1$8 6)68 8:6 
8:6 6)68 1$8  
868 1$8 6)68 8:6 
:68 1$8 368  
3HHUUHODWLRQVKLSVDUHVRUWHGE\ODUJHVWODPEGDYDOXHVLQGLFDWHGLQSDUHQWKHVHV
1420
2015 Proceedings of PICMET '15: Management of the Technology Age
C. Budget Model 
7KH EXGJHW PRGHO FRPSDUHV KRZ HIILFLHQWO\ OLEUDULHV
DOORFDWHWKHLUEXGJHWEHWZHHQVWDIIPDWHULDODFTXLVLWLRQVDQG
VHUYLFH KRXUV )LJ   7KH WZR OLEUDULHV ZLWK WKH KLJKHVW
VXSHUHIILFLHQF\VFRUHVLQWKHEXGJHWPRGHODUH87/LEUDU\
 DQG 8&6% /LEUDU\   %RWK OLEUDULHV
DFKLHYHG D KLJK OHYHO RI SHUIRUPDQFH E\ DOORFDWLQJ WKHLU
EXGJHWV LQ VSHFLILF DUHDV  7KH 87 /LEUDU\ XVHG WKH WKLUG
VPDOOHVW QXPEHU RI ZHLJKWHG SURIHVVLRQDO DQG VXSSRUW VWDII
)7(DQGDGGHGPRUHQHZERRNVDQGVHULDOVWRWKHLUFROOHFWLRQ
WKDQ WKH PDMRULW\ RI WKHLU SHHUV  7KH 8&6% /LEUDU\¶V
SK\VLFDO VSDFH DQG VWDII OHG SURJUDPPLQJ DFWLYLWLHV
HQFRXUDJHGDWOHDVWWZLFHDVPDQ\SDWURQVWRYLVLWWKHOLEUDU\
FRPSDUHG WR DOPRVW DOO RI WKHLU SHHUV  7KH 368 /LEUDU\
 ZDV LQ WKH ORZHU WKLUG RI SHHU VXSHUHIILFLHQF\
VFRUHV  7KH 368 /LEUDU\ KDG WKH VHYHQWK VPDOOHVW EXGJHW
VL[WK VPDOOHVW QXPEHU RI WRWDO VWDII )7( DQG WLHG IRU 
VPDOOHVWQXPEHURIZHHNO\VHUYLFHKRXUV
7KH &686 /LEUDU\ LV LGHQWLILHG DV WKH SULPDU\ SHHU IRU
ILIWHHQ OLEUDULHV 7DEOH   7KHVH OLEUDULHV FRXOG SRWHQWLDOO\
OHDUQ EXGJHW EHVW SUDFWLFHV IURP WKH &686 /LEUDU\  7KH
368/LEUDU\KDVDVXSHUHIILFLHQF\VFRUHWKDWLVORZHUWKDQLWV
WRS IRXU SHHUV  7KH 368 /LEUDU\ FRXOG SRWHQWLDOO\ EHQHILW
IURPEHVWSUDFWLFHVZLWKWKHIROORZLQJVWUDWHJLHVx ,QFUHDVH SDWURQ¶V YLVLWV E\ LQFUHDVLQJ ZHHNO\ KRXUV RI
RSHUDWLRQ DQG VWXGHQW )7( DYDLODEOH DW VHUYLFH GHVNV
&RQVXOW ZLWK WKH &686 /LEUDU\ 1$8 /LEUDU\ DQG 87
/LEUDU\IRUEHVWSUDFWLFHVx ,QFUHDVHWKHQXPEHURIQHZVHULDOVDQGERRNVDGGHGWRWKH
ORFDO FROOHFWLRQ E\ KLULQJ DGGLWLRQDO OLEUDULDQV IRU
FROOHFWLRQ GHYHORSPHQW DQG VKLIWLQJ DSSURSULDWH WDVNV
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2QH RI WKH NH\ OLPLWDWLRQV RI WKH VWXG\ LV WKH GDWD
DYDLODEOH IRU WKH VHOHFWLRQ RI LQSXWV DQG RXWSXWV  'LJLWDO
UHVRXUFHV DQG VHUYLFHV KDYH H[SDQGHG UDSLGO\ RYHU WKH SDVW
WZRGHFDGHV DQGDUH DQ LQWHJUDOSDUWRI OLEUDULHV WRGD\ >@
7KHPRGHOFRXOGEHVWUHQJWKHQHGZLWKWKHLQFOXVLRQRIGLJLWDO
UHVRXUFHVDQGVHUYLFHVGDWD>@
6KLP TXHVWLRQV KRZ LQIRUPDWLRQ IURP '($ FDQ EH
WUDQVIRUPHG LQWR DFWLRQDEOH SUDFWLFDO UHFRPPHQGDWLRQV IRU
OLEUDU\HIILFLHQF\LPSURYHPHQW>@)URPWKHSHUVSHFWLYHRI
D OLEUDULDQ KH VWDWHV WKDW KRZ WKH '($ PRGHO IXQFWLRQV LV
GLIILFXOWWRXQGHUVWDQGWKHUHVXOWVFDQEHGLIILFXOWWRLQWHUSUHW
DQG WKDW PRVW VNLOOHG '($ SUDFWLWLRQHUV DUH HFRQRPLVWV WKDW
HYDOXDWH OLEUDULHV IURP D GLVWDQFH >@  +H SURSRVHV WKH
IROORZLQJ VROXWLRQV  )RUP D VPDOO JURXS RI OLEUDULHV WKDW
ZLOO DGRSW '($ DV D EHQFKPDUNLQJ PHWKRGRORJ\ 
&ROODERUDWHZLWK'($UHVHDUFKHUVVRWKDWOLEUDULDQVFDQOHDUQ
WKHPHWKRGRORJ\)ROORZXSRQ'($EHQFKPDUNLQJUHVXOWV
ZLWK FDVH VWXGLHV WKDW YDOLGDWH UHVXOWV DQG  ,GHQWLI\
SURFHVVHVDQGSUDFWLFHVDWHIILFLHQWOLEUDULHVDQGGLVVHPLQDWH
WKHNQRZOHGJHLQWKHOLEUDU\FRPPXQLW\
)XWXUH UHVHDUFK VKRXOG FRPELQH WKH '($ HIILFLHQF\
UHVXOWVDQG WKHSDWURQVHUYLFH VXUYH\HIIHFWLYHQHVV UHVXOWV WR
JXLGH WKH /LEUDU\ ZLWK FRQWLQXRXVO\ LPSURYLQJ SURFHVVHV
UHVRXUFHVDQGVHUYLFHV7KH368/LEUDU\PLJKWDOVRFRQVLGHU
LQFRUSRUDWLQJ WKH 0DOPTXLVW 3URGXFWLYLW\ ,QGH[ LQWR WKH
PRGHOWRDVVHVVSURGXFWLYLW\FKDQJHVRYHUWLPH>@$QRWKHU





$FDGHPLF OLEUDULHV VXFK DV WKH 368 /LEUDU\ DUH
VWUXJJOLQJWRDGDSWWRHYROYLQJWHFKQRORJLHVDGLVLQYHVWPHQW
RI VWDWHJRYHUQPHQW ILQDQFLDO VXSSRUW DQG WKH UDSLGO\ ULVLQJ
FRVW RI PDWHULDOV  7KLV VWXG\ GHPRQVWUDWHV KRZ '($ FDQ
HDVLO\ EH XVHG DV DQ HYDOXDWLRQ WRRO E\ IDFXOW\ LQ WKHLU
DGYLVRU\DQGDGYRFDF\VKDUHGJRYHUQDQFHUROHVWRVWUHQJWKHQ
WKHLU OLEUDULHV &RPSDUHG WRSHHU OLEUDULHV WKH368/LEUDU\
VKRXOGSXUVXHWKHIROORZLQJVWUDWHJLHVWRLPSURYHHIILFLHQF\x ,QFUHDVHWKHQXPEHURIQHZVHULDOVDQGERRNVDGGHGWRWKH
ORFDOFROOHFWLRQE\LQFUHDVLQJWKHPDWHULDOVEXGJHWKLULQJ
DGGLWLRQDO OLEUDULDQV IRU FROOHFWLRQ GHYHORSPHQW DQG
VKLIWLQJDSSURSULDWHWDVNVIURPWKHOLEUDULDQVWRDGGLWLRQDO
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VXSSRUW VWDII  &RQVXOW ZLWK WKH 8:6 /LEUDU\ ,838,
/LEUDU\80/LEUDU\DQG1$8/LEUDU\IRUEHVWSUDFWLFHVx ,QFUHDVHFLUFXODWLRQWUDQVDFWLRQVE\DXWRPDWLQJSURFHVVHV
VKLIWLQJ DSSURSULDWH WDVNV WR VWXGHQW VWDII FRPSOHWLQJ
LPSOHPHQWDWLRQ RI WKH 25%,6 FRQVRUWLD FDWDORJ DQG
XSGDWLQJFROOHFWLRQGHYHORSPHQWSURFHVVHV WRHQVXUH WKDW
UHOHYDQW PDWHULDOV DUH DFTXLUHG DQG PDLQWDLQHG  &RQVXOW
ZLWKWKH6)68/LEUDU\8:6/LEUDU\DQG1$8/LEUDU\
IRUEHVWSUDFWLFHVx ,QFUHDVH ZRUNVKRS DWWHQGDQFH E\ KLULQJ DGGLWLRQDO
OLEUDULDQV WR GHYHORS DQG SURYLGH LQIRUPDWLRQ OLWHUDF\
WUDLQLQJDQGVKLIWLQJDSSURSULDWHWDVNVIURPWKHOLEUDULDQV
WR VXSSRUW DQG VWXGHQW VWDII  &RQVXOW ZLWK WKH :68
/LEUDU\ 6)68 /LEUDU\ DQG 068 /LEUDU\ IRU EHVW
SUDFWLFHVx ,QFUHDVH SDWURQV¶ YLVLWV E\ UHGHVLJQLQJ WKH SK\VLFDO
VSDFH LQWURGXFLQJ QHZ SURJUDPPLQJ LQFUHDVLQJ WKH
ZHHNO\ KRXUV RI RSHUDWLRQ DQG LQFUHDVLQJ VWXGHQW )7(
DYDLODEOHDWVHUYLFHGHVNV&RQVXOWZLWKWKH068/LEUDU\
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